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Epidermal growth factor (EGF) stimulated phospho-
rylation of pig epidermal proteins, one of which was pig 
epidermal keratin. In order to further characterize 
phosphorylated proteins and specify the EGF-dependent 
protein phosphorylation, we attempted to identify phos-
phorylated keratin proteins and to analyze phosphoryl-
ated phosphoamino acids of keratin proteins stimulated 
by EGF. Four major polypeptide bands of pig epidermal 
keratin were immunoprecipitated by antihuman callus 
keratin antibody which reacted with fine networks of 
fibrous keratin of pig epidermal cells grown in vitro. 
Four major polypeptide bands were greatly phosphoryl-
ated by EGF in a dose-dependent manner. The analysis 
of phosphorylated phosphoamino acids revealed that 
EGF stimulated tyrosine phosphorylation of pig epider-
mal fibrous keratin. 
Ep iderma l growth factor (EGF) possesses measurable 
growth-promoting activities on many types of cells in vitro and 
in v ivo [1-3]. The EGF receptor has been identified by specific 
labelin g with a photoreactive derivative ofEGF. More recently, 
an EGF-binding prote in , which is presumably a recepto r , was 
partia lly purified from A431 cell membrane [ 4] . T his protein is 
t he M , = 150,000-170,000 glycoprotein . In both crude plasma 
membranes from A431 ce lls and its most purified form, the 
receptor is formed in association with a kinase activity that is 
stimulated severalfold upon t he a ddition of EGF. This activity 
phosphorylates t he receptor itself, a variety of endogenous 
membrane prote ins, a nd certain exogen ou s substrates [5 ). 
Prior studies have demonstrated t hat EGF stimulated endog-
en ous prote in phosphorylation of pig epidermis in vitro [ 6), a nd 
o ne of the phosphorylated proteins stimulated by EGF was pig 
epidermal keratin [7) . . 
Further studies to characterize phosphorylated keratm and 
specify the EGF-dependent protein ph~sph~ry lation were_ de-
s igned. W e report t hat EGF at physwlog1c concentratiOns 
stimu lated fibrou s keratin of pig epide rmis at t he tyrosine 
res idue. 
MATERIALS AND METHODS 
Sk in slices were taken from the backs of domestic pigs weighing 6-
8 kg, by a Castroviejo keratome set at a 0.2-mm depth. As skin slices 
thus obtained conta in mainly epidermis (80- 90%), these a re called 
"epidermal slices" [8]. During t his procedure, pigs were anesthetized 
with Nembuta l (20-30 mg/kg) i.p. Epidermal slices were kept in the 
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Abbreviations: 
EGF: epidermal growth factor 
KRB: Krebs Ringer buffer 
PAGE: polyac rylamide gel electrophoresis 
SDS: sodiu m dodecyl sulfate 
Urea-ME: Tris-HCI (0.05 M, pH 9.0) with 8 M urea and 0.8% 2-
mercaptoethanol 
modified Krebs Ringer buffer (KRB) [9] with 15 mM HEPES (pH 7.4) 
at 4•c. Epidermal slices were t hen cut into 5 x 5 mm squares and used 
within 30 min. After the 20-min preincubation, epidermal slices were 
t reated with or without EGF in the presence of carrier-free 32Pi. 
Epidermal slices were fl oated in the medium (pH 7.4) and 2 epidermal 
slices were removed at 30 min, rinsed in a chilled KRB wi t h HEPES 
and immediately frozen between 2 dry ice plates. ' 
P ig epidermal keratin was extracted by the method of Steinert [10] . 
The samples were homogenized twice with a glass homogenizer in Tris-
HCI (0.05 M, pH 7.6) at 4•c for 5 min . The homogenates were t hen 
centrifuged at 15,000 g for 30 min at 4 · c. T he pellet was suspended in 
the Urea-mercaptoethanol (ME) solu tion (Tris- HCI, 0.05 M, pH 9.0, 
containing 8 M urea and 0.8% 2-ME) and t he suspension was stirred 
overnight at room temperature. The suspension was extensively di-
alyzed against Tris-HCI (0.005 M, pH 7.6) for 24 h at 4•c. The pellet 
obtained by centrifugation at 15,000 g for 60 min at 4•c was resus-
pended in t he Urea-ME solution and dialyzed against distilled water 
for 24 h at 4 · c. T he suspension was ac idified and precipitates were 
then lyophilized and kept at 4•c for furt her analysis. 
P ig epidermal slices t reated with or without EGF in t he presence of 
32Pi were homogenized and t he Urea-ME soluble proteins were ex-
tracted as already described. The Urea-ME soluble proteins were 
incubated with antihuman callus keratin antibody (0.25 mg protein:lO 
Ill antibody) for 60 min at 4 ·c. The immune complex was precipitated 
by the addition of Protein A (0.5 mg in RIPA buffer) afte r the 30-min 
incubation at 4 •c and t hen pelleted by centrifugation at 2000 g fo r 5 
min. The pellet was suspended in 10% sucrose in RIPA buffer. The 
fina l pellet was suspended in 2% sodium dodecyl sul fate (SDS), 5 mM 
sodium phosphate, 0.1 M dithiothreito l, 5% 2-ME, and 10% glycerol 
(pH 7.0), and the suspension was boiled for 5 min . The supernatant 
recovered was used for SDS-polyacrylamide gel electrophoresis (SDS -
PAGE) . The basic procedures were as described by Sefton eta! [11] . 
Acrylamide gels (10% running gel, 5% stacking gel) were prepared 
before use. A sample of 10- 20 Ill containing extracted proteins (30 Jlg) 
were subjected to slab gel electrophoresis (1.5 mm thick) . The gels were 
run at 50 V for 5 h as described by Fairbanks et al [1 2]. After 
electrophoresis, the gels were removed, stained wit h 0.1% Coomassie 
Blue in 50% methanol and 7% acetic acid, and destained wi th 10% 
isopropyl alcohol and 10% acetic ac id, fo llowed by 10% acetic acid. The 
gel was dried on a Whatman No. 50 fil te r under vacuum and exposed 
on Kodak XO-Mat film, generally for 1-5 days. 
Phosphoamino acids derived from part ial ac id hydrolysis of 32 Pi-
labeled epidermal fibrous keratin were resolved in two dimensions by 
elect rophoresis on cellulose t hin-layer plates at pH 1.9, followed by 
electrophoresis at right angles at pH 3.5. Each phosphoamino acid was 
detected either by autoradiograph or by staining internal standards 
with ninhydrin. Phosphoamino acids were t hen eluted and the radio-
activi ty in each was determined by a scin tillation counte r as described 
[13]. 
The following chemicals were obtained from the indicated sources: 
[:J2P ]orthophosphate (Japan Atomic Energy Institute, Tokyo); EGF 
(Collaborative Research, Walt ham, Massachusetts); Protein A, phos-
phoserine, and phosphothreonine (Sigma Chemical Co. , St Louis, Mis-
souri); acrylamide, N,N ,N,N -tetramethylenediamine, N,N-methylene-
bis-acrylamide, and Coomass ie Brilliant Blue R-250 (Bio-Rad Lab., 
Richmond, Virginia) ; molecula r weight standard proteins (Pharmacia 
Fine Chem., Uppsala). Phosphotyrosine was a generous gift of Dr. 
Aki ra Makita, Biochemistry Branch, Cancer Institute, Hokka ido U ni-
versity School of Medicine, Sapporo. All other chemicals were of 
analytical reagent grade. 
RESULTS 
Pig epidermal slices were treated with or wi t hout EGF (0. 5 
i!g/ml) at 37•c for 30 min in t h e presence of a2P i (0.05 i!Ci/ml). 
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SDS-PAGE Pig epidermal keratin was extracted and analyzed by SDS-
PAGE. As shown in Fig 1, 6 major polypeptide bands of M, = 
43,000- 65,000 were visible in the protein staining, while only 4 
phosphorylated polypeptide bands were detected in its autora-
diograph. In the presence of EGF, 32P i incorporation into 4 
major polypeptide bands of pig epidermal keratin was signifi-
cantly stimulated. The four phosphorylated polypeptide bands, 
shown in Fig 1, were M, = 65,000 (A), 60,000 (B), 56,000 (C), 
and 51,000 (D) . 
0 0.01 0.05 0.5 uyin1. Autoradiograph 
0 0.01 0.05 0.5 uyin1. 
Fig 2 shows the EGF-dose study, using the same incubation 
system as described in Fig 1. Although phosphorylated poly-
peptide bands were hardly detected in the control, the stimu-
lation of pig epidermal keratin phosphorylation by EGF was 




In order to further characterize the 4 major phosphorylated 
polypeptide bands of pig epidermal keratin, antihuman callus 
kerat in antibody was used for the immunoprecipitation analy-
sis. 
The immunoprecipitation analysis of phosphorylated pig ep-
idermal keratin is shown in Fig 3. The 4 major polypeptide 
bands phosphorylated in the presence or absence of EGF were 
identical to A, B, C, and D found in Figs 1 and 2. EGF also 
stimulated the phosphorylation of 4 major polypeptide bands 
(A, B, C, and D). 
Since EGF enhances tyrosine phosphorylation through the 
tyrosine-specific protein kinase system [14,15], phosphoamino 
acids of pig epidermal fibrous keratin stimulated by EGF were 
analyzed to specify the EGF dependency. As shown in Fig 4, a 
small spot of phosphotyrosine circled by a dotted line was 
detected in t he EGF-treated epidermal fibrous keratin, while 
no phosphotyrosine spot was detected in the contro l. As t he 
SDS-PAGE Autoradiograph 









FIG 1. Effects of EGF on pig epidermal keratin phosphorylation. 
Epidermal slices were incubated with (lanes 2 and 2') or without (lanes 
1 and 1 ') EGF at 0.5 Jlg/ ml in the presence of 32Pi (0.05 I'Ci/ml) at 
37"C for 30 min. Pig epidermal keratin was extracted and analyzed by 
SDS-PAGE and autoradiography. The following proteins were used as 
molecular weight standards: phosphorylase b (94,000), bovine serum 
a lbumin (67,000), ovalbumin (43,000), carbonic an hydrase (30,000), 
a nd soybean t rypsin inhibitor (20,100). Estimated molecular weights: 
65,000 (A), 60,000 (B), 56,000 (C), and 51,000 (D) . 
30,~ 
20, 1oo-
FIG 2. The dose study of EGF effect on pig epidermal keratin 
phosphorylation. Experimental procedures were as described in Fig 1 
except for various concentrations ofEGF. Estimated molecular weights: 
65,000 (A), 60,000 (B), 56,000 (C), and 51,000 (D). 
AUTORADIOGRAPH 
1 2 3 4 
1 control C 20 ,u g) 
2 E G F C o . 5 ,u g I mQ) C 2 0 ,u g ) 
3 control ( 40 ,u g) 
4 EGF( 0. 5 ,ug/ mQ) ( 40 ,ug) 
FIG 3. Immunoprecipitation analysis of phosphorylated pig epider-
mal fibrous keratin. Pig epidermal slices were labeled with 32Pi (0.05 
JICi/ ml) in the presence (lanes 2 and 4) or absence (lanes 1 and 3) of 
EGF at 0.5 Jlgf ml at 37"C for 30 min. The Urea-ME soluble fraction s 
of pig epidermal proteins were applied for the immunoprecipitation 
analysis. Protein content applied to SDS-PAGE is shown in parenthe-
ses. Estimated molecular weights: 65,000 (A), 60,000 (B), 56,000 (C), 
and 51,000 (D) . 
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FIG 4. Phosphoamino acid analysis of phosphorylated pig epidermal 
fibrous keratin . Pig epidermal slices were labeled with 32P i (0.05 11Ci j 
ml) in the presence or absence of EGF at 0.5 11g/ml at 37"C for 30 min. 
Pig epidermal keratin was extracted and applied for the phosphoamino 
acid analysis. 32Pi- labeled phosphoamino acids were visualized by au-
toradiography. P-ser = phosphoserine, P-thr = phosphothreonine, P-
tyr = phosphotyrosine. 





8.1 ± 0.8" 
14.4 ± 0.9" 
P-threonine 
22.1 ± 0.4 
20.4 ± 1.3 
P-serine 
69.7 ± 0.5 
65.2 ± 2.0 
Pig epidermal slices were incubated with 32Pi (0.05 11Ci/ml) in the 
presence or absence of EGF (0.5 /lg/ml) at 37"C for 30 min. Pig 
epidermal keratin (0.31 mg/10 Ill) extracted by the method of Steinert 
(10] was applied for phosphoamino acid analysis. Phosphoamino acids 
detected by two-dimensional electrophoresis were eluted and the radio-
activity in each spot was determined by a scintillation counter. Each 
value is the mean ± SEM (% of total phosphoamino acids) of 3 
independent experiments. 
"Statistically significant (p < 0.01). 
same amount of pig epidermal keratin was applied to two-
dimensional electrophoresis, the appearance of phosphotyro-
sine must be valid. 
Table I demonstrates the relative abundance of phosphoa-
mino acids in pig epidermal keratin . EGF significantly in-
creased the relative content of phosphotyrosine. As shown in 
Fig 4, EGF seemed to stimulate serine pho~phorylation, but the 
calculation shown in Table I revealed no mcreased content of 
phosphoserine or phosphothreonine. 
DISCUSSION 
EGF was capable of stimulating the phosphorylation of en-
dogenous substrates in intact epidermal cells, one of which was 
epidermal keratin identified as epidermal fibrous keratin. 
Anti -EGF antibody completely eliminated the EGF-stimu-
lated phosphorylation of pig epidermal keratin as reported 
previously [7] . The EGF-dose study revealed that the effect of 
EGF was s ignificant at 0.01 J.Lg/ml, where EGF was capable of 
producing biologic responses of target tissues (16). 
The result that EGF enhanced protein phosphorylation at 
the tyrosine residue of pig epidermal keratin suggests the 
presence of t he EGF-dependent protein kinase system in pig 
epidermal cells. As shown in Fig 4, EGF seemed to stimulate 
protein phosphorylation not only at the tyrosine residue but 
also at the serine residue; however, the calculation of each 
phosphorylated phosphoamino acid recovered from thin-layer 
plates revealed no increased relative abundance of phospho-
serine or phosphothreonine. This discrepancy may be explained 
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by the fact that the absolute content of phosphoserine in the 
EGF-treated pig epidermal keratin was higher t han that in the 
control (data not shown). 
There have been several reports that EGF causes rapid 
alterations in the extent of phosphorylation of a number of 
proteins, including tyrosine hydroxylase, histone HI, and ribo-
somal protein S6 [17- 19]. In every case, however, the residue 
phosphorylated is serine. It is suggested that the EGF-depend-
ent tyrosine protein kinase in turn activates one or more serine 
protein kinases. 
These results satisfactorily confirmed the criteria for the role 
of the EGF -dependent protein phosphorylation. 
Steinert et al [20] reported that epidermal keratin filament 
consisted of two major structures: a-helical regions which form 
the basic backbone or "core" of the intermediate fi laments, and 
nonhelical sequences containing glycine-rich and phosphoser-
ine-rich regions at the peripheral portion. Concerning the pos-
sible role of fibrous keratin phosphorylation, Steinert et a! 
fai led to detect the relation between the amount of phosphate 
and the assembly of keratin filaments [21). Since the interme-
diate filaments are attended by a variety of accessory proteins, 
it might be suggested that epidermal fibrous keratin phospho-
rylation plays an important role on the interaction of the 
filaments with their accessory proteins and other cytoskeletal 
proteins. In fact, EGF induces rapid morphologic changes m 
A431 cells (22,23] . 
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